We report on a patient with a 1.2 Mb 19p13.12-p13.13 deletion. Compared to previously reported individuals with partially overlapping deletions, the propositus presented with a less severe phenotype, consisting of mild intellectual disability and behavior anomalies, with episodes of simple febrile seizures and without significant physical anomalies or major malformations. The deleted region includes 29 coding genes, some of which have already been demonstrated to be involved in cognitive processes. Mutations in two of them, CC2D1A and TECR, were recently reported to be responsible for non-syndromal, autosomal recessive intellectual disability. The residual alleles of all of these genes were submitted to sequence analysis. No sequence variants were found that could be considered pathogenic. This patient constitutes a further example of the wide phenotypic variability associated with chromosomal rearrangements, likely due to the different size of deleted/duplicated segments.
INTRODUCTION
Rearrangements involving chromosome 19 constitute a rare finding. However, for a few restricted regions, a number of patients have been reported, sufficient to delineate recognizable phenotypes [Malan et al., 2009] . Recently, Bonaglia et al. [2010] reviewed and compared four patients, carriers of 19p13.12-p13.13 microdeletions, with a region of overlap of about 360 kb, and identified recurrent clinical features, like intellectual disability (ID), speech and motor delay, hearing impairment, brachycephaly, anteverted nares, and external ear anomalies.
Here, we describe a boy with a 1.2 Mb 19p13.12-p13.13 deletion including the 360 kb region of Bonaglia et al. [2010] , who presented with different and milder phenotypic traits. The possible pathogenic role of candidate genes encompassed by the microdeletion was evaluated by sequence analysis.
CLINICAL REPORT
The propositus was the only child of healthy, nonconsanguineous Caucasian parents, who were 34 (father) and 30 years old (mother), respectively, at the time of conception. He was delivered by cesarean at 38 weeks of a pregnancy complicated by premature aging of placenta during the last 3 weeks of gestation. Birth-weight was 2470 g (between 3rd and 10th centile), length 48 cm (25th centile), and head circumference 33.5 cm (50th centile). Apgar scores were 9 and 10, at 1 and 5 min, respectively. No medical concerns were raised at birth.
Psychomotor milestones were slightly delayed: The child was able to walk without support at 17 months and spoke his first words at 30 months. At 8 years 5 months the evaluation with the non-verbal intelligence scale Leiter-R showed an IQ of 58, with significant attention deficit.
The child had three episodes of febrile seizures, the first two during the 4th year of life, the third when he was 7 years old. Several EEG recordings showed epileptiform focal abnormalities, mainly occipital, activated by sleep. A susceptibility to respiratory tract infections was reported. Family history revealed that also a female, first cousin on the father's side, was affected with ID. Two brain MRIs were normal. Ophthalmological and audiometric evaluation (both performed at age 6) gave normal results. Cardiac clinical assessment did not show any heart anomaly.
At age 3 years 10 months his measures were: Weight 15.5 kg (25th-50th centile), height 98 cm (25th centile), and head circumference 49 cm (10 th centile). He had not yet reached complete control of urinary sphincters and suffered from mild constipation.
At our last evaluation he was 7 years 3 months old, weighed 24 kg (50th centile), had a stature of 119 cm (25th centile) and a head circumference of 50.7 cm (10th-25th centile).
He presented with facial features that showed strong family resemblance, with few minor anomalies, such as upsweep of the frontal hairline, small ears with prominent anti-helix, mild hypertelorism, and highly arched palate. Mild generalized hypertrichosis was noted. He had clinodactyly of 5th finger bilaterally, regular palmar creases, a dermatoglyphic pattern with four whorls and one arch (right hand:
u ) and crowding of toes. External genitalia were normal male with bilaterally descended testes. Heart sounds were normal on auscultation.
At that time, the boy showed mild ID, the speech being apparently less affected. His behavior was characterized by hyperactivity and attention deficit (ADHD).
GENETIC TESTS
We performed Array-CGH analysis using Agilent oligonucleotidearray kit 44B (Human Genome CGH Microarray Kit 44B; Agilent Technologies, Santa Clara, CA), with an average resolution of about 75 kb, following the manufacturer's instructions. An interstitial deletion spanning about 1.2 Mb of chromosome region 19p13.12-p13.13 was detected, with distal breakpoint at about 13.5 Mb from the 19p telomere (most centromeric deleted probe A_14_P109213, mapping at 13,471,947 bp from the 19p telomere, most telomeric non-deleted probe A_14_P104509, at 13,424,832 bp) and proximal breakpoint at about 14.7 Mb from the 19p telomere (most centromeric deleted probe A_14_P136346, at 14,683,937 bp, most telomeric non-deleted probe A_14_P108139, at 14,703,837 bp) (Genome Browser Assembly hg18, NCBI 36, March 2006).
Since array-CGH analysis was normal on both parents, we concluded that the deletion was de novo.
Included in the deletion interval are the full open-reading frames of 29 protein-coding genes (CCDC130, MRI1, C19orf53, ZSWIM4, NANOS3, C19orf57, CC2D1A, PODNL1, DCAF15, RFX1, RLN3, IL27RA, PALM3, AC022098.1, C19orf67, SAMD1, PRKACA, ASF1B, LPHN1, CD97, DDX39, PKN1, PTGER, GIPC1, DNAJB1, TECR, NDUFB7, CLECL17A, EMR3) (Fig. 1) . To test whether protein-disrupting mutations were present on the residual alleles, all coding exons and flanking intronic regions were sequenced by Sanger sequencing. Briefly, PCR primers were designed for each coding exon including at least 50 bp of flanking intronic sequences and are available upon request. Sequencing was performed on PCR products amplified from patient genomic DNA by SeqWright (Houston, TX). Variant Reporter software (Applied Biosystems, Foster City, CA) was used for variant calling and all intronic and coding variants identified were filtered on dbSNP build 131. A total of 44 novel variants were identified, mostly intronic and distant from the splice sites (35/44), but none of these variants was predicted to be pathogenic (Table I) . Only one coding variant was not reported on dbSNP build 134 (www.ncbi.nlm.nih.gov/ projects/SNP/): The p.S120L missense mutation within the AC022098.1 gene, encoding for a protein with unknown function (actually, on dbSNP ''there is no contig mRNA transcript for this gene'').
By direct sequencing, we also screened both parents for the presence of this latter variant and we found that it was also carried by the propositus' mother, in heterozygous state, so we were able to conclude that the deletion originated on the paternal chromosome 19.
DISCUSSION
Chromosome 19 is the most gene dense chromosome (about 24 protein coding genes per Mb, according to ENSEMBL database) of the human genome. Consequently, even small rearrangements could be lethal, explaining why very few of them are reported in the literature. Recently, with the development of molecular cytogenetic techniques, and particularly of genome-wide array analyses, there has been a modest increase in the number of described microdeletions and microduplications of small regions of chromosome 19.
Here, we report on a boy with a 1.2 Mb deletion on 19p13.12-p13.13 encompassing several genes (Fig. 1) , including the first exon of the gene CACNA1A, whose mutations and large-scale gene rearrangements are responsible for episodic ataxia or familial hemiplegic migraine [Labrum et al., 2009] . Worthy of note are CC2D1A and TECR, whose mutations were recently discovered to be involved in non-syndromal autosomal recessive intellectual disability [Basel-Vanagaite et al., 2006; Calışkan et al., 2011] . However, no mutations were found on the residual alleles, ruling out, in all probability that the phenotype we observed could belong to this category.
We found other five patients with partially overlapping 19p13.12-p13.13 microdeletions reported to date in the scientific literature. By comparing four of these cases (two new ones and those described by Engels et al., 2007 and by Jensen et al., 2009 ), Bonaglia et al. [2010 delineated a consistent phenotype and identified the corresponding smallest region of overlap (SRO), extending for about 360 kb and encompassing six annotated genes: LPHN1, CD97, DDX39, PKN1, PTGER, and GIPC1.
Phenotypic traits shared among these four patients were: Moderate to severe psychomotor delay, language delay, hyperactivity, hearing loss, congenital heart defects, and distinctive craniofacial features including brachycephaly, anteverted nares, and ear malformations. Low birthweight, short stature, microcephaly, brachydactyly, scoliosis were also common findings (Table II) .
Van der Aa et al.
[2010] described a 1.2 Mb deletion involving the SRO, with only the LPHN1 gene excluded (Table II) .
Three additional subjects, with overlapping deletions, are reported in the DECIPHER database (http://decipher.sanger.ac.uk/) and another one in the ECARUCA database (http://agserver01.azn.nl: 8080/ecaruca/ecaruca.jsp). Although our patient's deletion encompasses the entire SRO of Bonaglia et al. [2010] , he shares very few traits with the other patients, presenting with mild developmental delay and behavior anomalies, showing no malformations and not suffering from hearing loss, ocular defects, heart anomalies, or scoliosis. His growth parameters and head circumference had always been within the normal range. Shared findings were hypertrichosis (present in Patient 1 of Bonaglia et al. [2010] and in the patient of Van der Aa et al. [2010] ), bilateral frontal upsweep (like in the patient of Van der Aa et al. [2010] ) and small ears with prominent anti-helix that, in our opinion, can be seen in photographs provided for Patient 3 of Bonaglia et al. [2010] and for the patient of Van der Aa et al. [2010] .
The milder phenotype could be explained by the effect of variable expressivity, but some remarks are in order.
First, the deletion effects could be modulated by the presence of coding variants on the residual allele of the genes included in the deleted interval, such as non-synonymous SNPs, per se not pathogenic even in homozygous state. For instance, in the 1000 Genomes project browser (http://browser.1000genomes.org/index.html), 10, 9, 3, 10, 4, and 7 non-synonymous variants can be found within the coding sequences of LPHN1, CD97, DDX39, PKN1, PTGER, and GIPC1, respectively. Furthermore, population data available for some of these SNPs show a non-marginal prevalence among Europeans. It cannot be excluded that some of these variants may be responsible for the more severe phenotype of previously reported subjects.
Second, the deletions of Patient 1 of Bonaglia et al. [2010] , the patient of Engels et al. [2007] (who corresponds to Patient 2 of Bonaglia et al. [2010] ) and the patient of Jensen et al. [2009] , share a larger region of overlap ranging from about 14 Mb to 16 Mb, that completely include also the 1.2 Mb deletion of the patient of Van der Aa et al. [2010] , while the rearrangement of Patient 3 of Bonaglia et al. [2010] is more telomeric. So, deleted genes outside the SRO could be responsible for, or substantially influence, such features as more severe ID, facial dysmorphisms, microcephaly, short stature, heart defects, and sensorineural hearing loss, that are not found in our patient. In this sense, it is worth noting that Kosaki et al. [2011] recently reported a telomeric deletion of 760 kb, that is nonoverlapping with that of our patient, but was completely included within the deleted intervals of patients described by Jensen et al. [2009] , Engels et al. [2007] , and Patient 1 of Bonaglia et al. [2010] (Fig. 1) . These latter patients and that of Kosaki et al. [2011] shared various anomalies (bilateral cervical sinuses, micrognathia, hypodontia, dysmorphic auricles, ear pits or tags, stenosis of the external auditory canals, and sensorineural and conductive deafness), related to a defect of branchial arch development, suggesting that the putative locus for this defect may be included in this region.
Finally, the most consistent characteristics among all patients, apart from developmental delay, which was much milder in our patient, seem to be behavior anomalies, namely hyperactivity, anxiety and aggressiveness, with our patient presenting hyperactivity and attention deficit. None of the above behavioral traits were present in the intellectually normal parents.
Several genes in the deleted intervals could be good candidates to explain both ID and the behavioral phenotype, since they are involved in different neurobiological pathways and processes: CC2D1A (OMIM ID 610055), TECR (OMIM ID 610057), RFX1 (OMIM ID 600006), RLN3 (OMIM ID 606855), PRKACA (OMIM ID 601639), PKN1 (OMIM ID 601032), LPHN1,PTGER1 (OMIM ID 176802), and GIPC1 (OMIM ID 605072).
Besides, episodes of febrile seizures and the EEG focal anomalies could be explained by the involvement of CACNA1A (OMIM ID 601011), deleted in patients reported by Auvin et al. [2009] (suffering from epilepsy with infantile spasms) and Lysy et al. [2009] , (showing electroencephalographic anomalies). Actually, it should be considered that Bonaglia et al.'s [2010] Patient 3, although suffering from generalized clonic seizures, was not deleted for CACNA1A.
In conclusion, we report on a new patient carrying a microdeletion involving chromosome region 19p13.12. His mild clinical presentation expands our knowledge of the phenotypic spectrum associated with haploinsufficiency of genes mapping in that region. The SRO previously defined by Bonaglia et al. [2010] , which essentially includes mild ID and ADHD, should be considered with caution, given that a more severe phenotype in individual patients could depend on the extent of the deletion outside the SRO. However, new studies about the involved genes and additional patients will certainly help to define more accurately the genotype-phenotype correlations of the syndromic condition linked to 19p13 deletions. In the meanwhile, if the reported deletion were to be found accidentally at amniocentesis, it would pose a very serious counseling problem, calling again attention to the great caution that must be exercised in applying Array-CGH analysis to prenatal diagnosis. 
